2 larvae assays. The observation suggests that zebrafish can be used as an in vivo model for screening compounds in treating myopia.
Myopia is a very common ocular disorder, which is characterized by excessive elongation of the eyeball. In Taiwan, the prevalence of myopia is about 84% of schoolchildren aged [16] [17] [18] , and the prevalence of high myopia (< -6.0 D) at 18 years of age is 24% in girls and 18% in boys (1) .
In contrast, the prevalence of high myopia is much lower in Western countries, about 1% of the general population (2) . These studies imply that genetic susceptibility of ethnic differences may account for high prevalence of myopia in high myopia (11) . Recently, our prospective casecontrol study also showed that genetic variation in the regulatory domains of the lumican gene (rs3759223 and rs3741834) were associated with high myopia susceptibility among the Han Chinese (12) .
Lumican, a member of the small leucine-rich proteoglycan (SLRP) family, is one of the major extracellular components in interstitial collagenous matrices of corneal stroma, sclera, aorta, skin, skeletal muscle, lung, kidney, bone, cartilage, and intervertebral discs (13) (14) (15) (16) (17) (18) (19) (20) . In corneal stroma, lumican is a KSPG, whereas lumican presents as an under-or unglycanated glycoprotein in other tissues (13, 14, 21, 22) . It has been proposed that the horseshoe-shaped lumican core protein binds collagen molecules to modulate collagen fibril diameter, while the Nlinked GAG (glycosaminoglycan) chains regulate fibril spacing and stromal hydration for the formation and maintenance of transparent corneas (23) (24) (25) . The wide distribution of lumican implies that lumican may have multiple functions in tissue morphogenesis and maintenance of tissue homeostasis, besides serving as a regulatory molecule of collagen fibrillogenesis (25) . Indeed, lumican plays essential roles in wound healing by modulating epithelial cell migration (26) and in epithelium-mesenchyme transition of the injured lens (27) , in addition to regulating collagen fibrillogenesis (20, 26) . Lumican-null (Lum (-/-) mice and lumican-and fibromodullin-null (Lum (-/- ) Fmod (-/-) ) mice showed alterations of collagen fibril arrangement in interstitial connective tissues.
3 may be directly or indirectly involved in scleral development, resulting in the pathoetiology of high myopia.
The zebrafish is an excellent model to study vertebrate genetics and development (30) (31) (32) . 
EXPERIMENTAL PROCEDURES
Zebrafish Husbandry-Zebrafish were raised and maintained according to previously established protocols (33) . Briefly, adult zebrafish and embryos were maintained at 28.5°C on a 14-h light and 10-h dark cycle. Embryos were sorted at the different stages required for each experiment and staged according to Kimmel et al. (34) .
Chorions were removed manually with Dumont Student's t-test was used to compare these parameters between control group and treated groups, respectively. The difference of significance was defined as p<0.05.
RESULTS

Primary Structure of zLum and Alignment
Analysis of the Zebrafish Lumican Amino Acid
Sequence-We identified zLum by performing a BLAST search of the publicly available zebrafish databases with human LUM. The zLum gene is 11 kb upstream of zKera (keratocan) ( throughout the fish body, and it is highly expressed in the embryonic fore-, mid-, and hindbrain, anterior spinal cord, and eyes at 1 dpf and 3 dpf (Fig. 4A-C) . The corresponding control sense riboprobes showed negative staining in samples (Fig. 4D ). Lumican could be found in the corneal stromal layer of adult human and mouse corneas (44) . In the zebrafish eye, zLum mRNA was also expressed mainly in the corneal stromal layer (Fig. 4E-F) and sclera ( Fig. 4G-H Keratanase treatment abolished the immune reactivity seen in the stroma by the anti-KS antibody ( Fig. 5M-N) . It was of interest to note that no immune reactivity was seen in the scleral tissue by the anti-KS antibody (Fig. 5I, 5K-L ).
This observation indicates that KS-GAG is not present in the scleral tissue, consistent with the notion that zLum exists as KSPG in corneal stroma and under-glycanated glycoprotein in other tissues, such as the corneal epithelium and sclera.
To further demonstrate that the lumican in zebrafish cornea is a proteoglycan, total lysate from zebrafish eyes were treated with or without keratanase or endo-β-galactosidase digestion and were then subjected to western blotting analysis. 
Effects of zLum Knockdown on Embryonic
Development-To investigate zLum function during zebrafish development, MO was microinjected into fertilized zebrafish eggs.
Western blot showed that zLum protein decreased after zLum-MO was injected. (Fig. 8A ) Retarded development was seen in the zLum-MO embryos as compared to wild type embryos at the 22 hpf stages (Fig. 8C-D 342.57 ± 14.31 µm (WT), respectively, all p< 0.05) (Fig. 8H) . The control group injected with RS-MO had normal eye morphologies like the mockinjected control group. Interestingly, a larger size of eyeball accompanied by thinner sclera was noted in the zLum MO-injected larva (Fig. 8F, 9, Fig. 10 ).
Decreased Lumican Synthesis Results in
Lower magnification of electron microscopy showed that posterior scleral tissue from the wild (Fig. 11D, E vs. C).
Whereas, no obvious improvement was noted in the eye of fish treated with 0.01% methoctramine (M2 receptor antagonist) and injected by zLum-MO at 7 dpf stage (Fig. 11F) . To better evaluate the effects of drugs, we measured the diameters of retina and sclera of the experimental fish (as shown in Fig. 12A, B) . Fig. 12C (lane 1-5) showed a significant reduction in the excessive In this study, we also found that the numberof scleral fibroblasts are significantly reduced at the posterior sclera of zLum-MO injected fish (Fig.   10B) . Thus, the lumican protein may also affect the functions of scleral fibroblasts during early development. Kao et al has suggested that lumican is a matrikine and can modulate fibroblast activities in addition to serving as a regulator of collagen fibrillogenesis (25, 56) .
In present study, we have also established a brand new platform of using the zLum-MO In conclusion, we have identified and characterized the zebrafish lumican gene.
Lumican is highly conserved during evolution. 
FOOTNOTES
We would like to thank Ms. Chun-Wen Chen, Ms. http//www.geneious.com). Note that amplified zLum PCR product could be found not only in the eye but also in other tissues (bottom panel). 
